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Description 

[0001] The present invention relates generally to an 
intraluminal graft having an integral structural support 
which supports the intraluminal graft in an open condi- 
tion and a method for making the inventive intraluminal 
graft. The integral structural support enhances dimen- 
sional stability of the graft, provides radial strength 
against radial constriction or collapse, yet permits radial 
expansion of the graft and facilitates intraluminal an- 
choring of the graft intothetissuedefining an anatomical 
passageway. See WO-A-95/1 0247. The integrally struc- 
turally supported endoluminal graft of the present inven- 
tion includes a structural support integrally coupled to 
the graft and which has a plurality of strain relief seg- 
ments. The strain relief segments, upon cumulative lon- 
gitudinal deformation, delimit an upper limit of longitudi- 
nal and/or radial expansion of the graft itself. 
[0002] WO-A-95/26695 shows (Fig 25) a stent ring 
with strut portions of two different widths, for incorpora- 
tion in a graft tube. US-A-5 282 823 discloses a 
sheathed stent, in which several stent rings are connect- 
ed in a line by links. The sheath is a film which can fold 
between the rings. 

[0003] The current trend is toward minimally invasive 
surgical procedures. Laparoscopic, endoscopic and 
percutaneous catheterization procedures have permit- 
ted surgeons to treat a broad spectrum of diseases and 
disorders while reducing body trauma, using local an- 
esthesia, and decreasing patient pain and recovery 
time. Endovascular procedures such as percutaneous 
transluminal angioplasty (PTA) to treat vascular occlu- 
sive diseases, abdominal aortic aneurysm exclusions or 
peripheral aneurysmal exclusions are examples of min- 
imally invasive interventional cardiovascular applica- 
tions which have gained popularity. The present inven- 
tion may be used with other endoscopic or percutane- 
ous catheterization procedures for treating occlusive 
disorders in other anatomical passageways, including, 
but not limited to biliary ducts, ureters, urethras, fallopi- 
an tubes, etc. or to create shunts to restore blood flow, 
such as a transjugular intrahepatic portosystemic shunt 
(TIPS) 

[0004] The present invention is applicable to various 
embodiments of an intraluminal graft, preferably made 
from longitudinally expanded polytetrafluoroethylene 
(ePTFE), which incorporate a structural member within 
or adjacent to the graft wall. Preferably, a wire or ribbon 
member, fabricated of either metal or plastic, is incorpo- 
rated either directly into the wall of the graft or into bead- 
ing bonded to the graft. The structural member includes 
strain relief sections which permit both radial and longi- 
tudinal expansion of the graft. The structural member 
may further include tissue anchors comprising barbs or 
barb-forming sections distinct from the strain relief sec- 
tions, or the strain relief sections may, themselves, act 
as the tissue anchors to anchor the graft to the anatom- 
ical passageway tissue. 



[0005] The object of the present invention is to provide 
an structurally supported intraluminal graft useful as an 
endovascular graft which can be radially expanded in 
vivo, similar to endovascular stents described in U.S. 

5 Patent No. 4,733,665 issued to Palmaz and U.S. Patent 
No. 4,580,568 issued to Gianturco, which are well 
known in the art and which are currently being employed 
in many endovascular applications. The purpose of the 
present invention is to provide means which function to 

10 provide radial reinforcement for the graft, permitting ra- 
dial expansion thereof, and which permits affixing the 
graft within an anatomical passageway such as a blood 
vessel. 

[0006] Several strengthened or reinforced, yet radial- 
15 |y compliant graft structures have been described in the 
art. For example, the Pinchuk patent. U.S. Patent No. 
4,629,458, discloses a tubular graft with an internal sup- 
port layer. A silicone mandrel is coated with a fluid pol- 
ymer and then helically wrapped with a monofilament 
20 polymer. The helical wrap may, alternatively, be posi- 
tioned within the wall of the graft. 
[0007] The Wall patent, U.S. Patent No. 5,192,307 
describes a radially expandable compliant prosthesis 
having metal springs embedded into the wall of the pros- 
es thesis. The prosthesis comprises a stent including a wall 
with a hook and hook means. The stent comprises a net- 
work of stainless steel or woven plastic covered by a 
plastic material. A plurality of circumferential ribs are 
placed about the stent to engage the arterial walls and 
30 prevent the inadvertent movement of the stent. 

[0008] The Schwartz et al. patent, U.S. Patent No. 
5,282,823, describes a stent comprising a cylindrical 
body having a plurality of substantially helical metal el- 
ements joined together with a polymeric film extending 
35 between adjacent helical metal elements. The polymer- 
ic film has strain relief sections consisting of slits or cuts 
in the film between adjacent helical elements. The hel- 
ical elements allow flexing of the stent along its longitu- 
dinal axis. 

40 [0009] The Palmaz patent U.S. Patent No. 
4,776,337, describes an expandable intraluminal com- 
posite graft comprising a tubular shaped member, com- 
prising intersecting elongate members, and a biological 
inert coating placed over the tubular shaped member. 

45 [0010] The Tessmann et al. patent, U.S. Patent No. 
5,167,614, describes a prostatic stent comprising a 
coiled rigid sheet, which may be expanded, and a plu- 
rality of hook like projections on the outer wall of the coil 
for anchoring the stent to the wall of a body passage. 

50 However, a grasping tool is required to expand and an- 
chor the stent. 

[0011] Other grafts attempt to replicate the inherent 
compliance of blood vessels. For example, the Kira pat- 
ent, U.S. Patent No. 4,857,069 discloses a composite 
55 artificial vessel having compliance and stress strain 
curves which approximate those of an actual blood ves- 
sel. The artificial vessel is made by coating a mandrel 
with an elastomer solution having a pore-forming agent 
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and/or an elastomer solution having a cloud point, and 
immersing the coated mandrel into a coagulating liquid. 
The resulting artificial vessel has a porosity and compli- 
ance similar to a blood vessel. 

Summary of the Invention 

[0012] It is a principal object of the present invention 
to provide a graft with an integrated structural support 
which provides radial dimensional stability to the graft 
and permits radial expansion of the graft. 
[001 3] It is a further object of the present invention to 
provide an expanded polytetrafluoroethylene endovas- 
cular graft having an integral structural support which 
provides dimensional stability to the graft, permits radial 
expansion of the graft and enhances graft patency with- 
in a blood vessel. 

[001 4] It is yet a further object of the present invention 
to provide an endoluminal structurally supported graft 
capable of both longitudinal and radial expansion. 
[0015] It is a still further object of the present invention 
to provide an endoluminal structurally supported graft in 
which the structural support comprises strain relief sec- 
tions having degrees of strain relief which are propor- 
tional to a p re-determined final radial or longitudinal di- 
mension of the graft. 

[0016] It is still a further object of the present invention 
to provide an endoluminal structurally supported graft in 
which the structural support includes barb-forming sec- 
tions which radially project outwardly from the central 
axis of the graft during radial expansion of the graft and 
which aid in anchoring the graft within an anatomical 
passageway. 

[001 7] It is still a further object of the present invention 
to provide a method for making a radially and longitudi- 
nally expandable structurally supported graft in which 
the structural support is integral with the wall of the graft, 
or is integrally bonded to an inner or outer wall surface 
of the graft. 

[0018] It is still a further object of the present invention 
to provide a method for making a graft having an integral 
structural support which is incorporated into a beading 
associated with the graft wherein the integral structural 
support is capable of both longitudinal and radial expan- 
sion in order to fix or anchor the graft within a blood ves- 
sel. 

[0019] The present invention is defined in claim 1 be- 
low. The dependent claims are directed to optional or 
preferred features. The invention can create a first em- 
bodiment of graft having an integral structural support 
which includes a tubular graft member, preferably com- 
prised of ePTFE, a beading concentrically associated 
with the tubular member, and a structural support con- 
tained within the beading which comprises at least one 
of a rod or ribbon member having a plurality of strain 
relief sections. The beading is preferably comprised of 
non-expanded PTFE and the structural support is pref- 
erably comprised of metal or plastic. The structural sup- 



port is a wire or ribbon that is preferably co-extruded 
within the non-expanded PTFE beading. The beading 
may be helically wound ontotheePTFEtubularmember 
or placed onto the ePTFE tubular member in discrete 
5 rings on either the interior or exterior surface of the eP- 
TFE tubular member. The beading is then secured onto 
the graft sintering the helically beaded graft at or above 
the crystalline melt point of polytetrafluoroethylene to 
bond the beading to the underlying ePTFE graft. 
10 [0020] The structural support of this embodiment in- 
corporates sectional or continuous strain relief seg- 
ments, in the form of interspersed sections of reduced 
thickness, to allow for the radial dilatation of the graft. 
Radial dilatation of the structurally supported graft is fa- 
's cilitated by removing portions of the beading which en- 
capsulate the strain relief sections of the structural sup- 
port to expose the strain relief sections. To protect 
against over dilatation, the maximum quantum of strain 
relief is proportional to the final radial dimension that is 
20 required for the graft. Further, the structural support 
member may further comprise a plurality of barb-form- 
ing sections which form outwardly projecting barb mem- 
bers which extend outward from the support structure 
upon radial expansion of the graft. 
25 [0021] For purposes of all preferred embodiments of 
the present invention, it will be understood that radial 
expansion of the graft is accomplished by imparting an 
outwardly directed radial force away from the central 
longitudinal axis of the structurally supported graft. It will 
30 be further understood that, because the structural sup- 
port member is either helically wound or is provided as 
ring structures, the structural support member has a 
substantially radial orientation relative to the central lon- 
gitudinal axis of the structurally supported graft. Thus, 
35 the radially oriented force relative to the central longitu- 
dinal axis of the graft is also a longitudinally-oriented 
force relative to the structural support member. 
[0022] A second embodiment of the integral structural 
support graft includes a tubular member, preferably 
40 comprised of ePTFE, a beading concentrically associ- 
ated with the tubular member which is also comprised 
of ePTFE, and a structural support contained within the 
beading which comprises at least one of a rod or ribbon 
having a plurality of strain relief sections. The structural 
45 support is preferably comprised of metal or plastic and 
is in the shape of a wire or ribbon capable of being co- 
extruded within the ePTFE beading. Like the previously 
described second embodiment, the beading may be spi- 
raled onto the ePTFE tubular member or placed onto 
50 the ePTFE tubular member in discrete rings on either 
the interior or exterior surface of the ePTFE graft. The 
beading is then secured onto the graft using convention- 
al processing methods. 

[0023] The strain reliefsections may be of two types; 
55 one for accommodating the longitudinal expansion of 
the graft and one for accommodating the radial expan- 
sion of the graft. The strain relief sections may take the 
form of folded sections or sections which are cut out of 
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the rod or ribbon member. For example, horizontally dis- 
posed cut outs, in the form of notches, which extend 
through the width of a ribbon member will allowthe graft 
to be horizontally expanded. Vertically disposed cut outs 
which extend along the entire width of the ribbon mem- 
ber, but not through its entire thickness, will allow the 
graft to be radially expanded. Unlike the first embodi- 
ment which contains non-expanded PTFE beading, 
there is no need to remove the ePTFE beading from the 
strain relief sections associated with this embodiment. 
Instead, the beading will expand with the-longitudinal 
strain relief sections. Further, like the previously de- 
scribed embodiment, the structural support of the sec- 
ond embodiment may include barb-like protrusions ex- 
tending outward in the radial direction to anchorthe graft 
to the vessel wall. 

[0024] A third embodiment of the integral structural 
support graft includes a tubular member, preferably 
comprised of ePTFE and a structural support in the form 
of a wire or ribbon member co-extruded with PTFE to 
form a wire-like beading. The beading is then longitudi- 
nally expanded to yield an ePTFE covering surround the 
structural support. Manufacture of the structural support 
within the PTFE covering is done in a manner similar to 
that known in the wire insulation fabrication arts. 
[0025] The beading containing the wire or ribbon 
member, or the structural support member itself without 
a bead covering, is directly extruded either in the exter- 
nal or internal surface of the ePTFE tubular member 
such that the beading containing the wire or ribbon 
member forms an integral part of the tubular member. 
A helical orientation of the structural support member is 
either imparted during extrusion, or after extrusion by 
rotating or twisting the expanded graft after loading it 
onto a mandrel prior to sintering. Like the previously de- 
scribed second embodiment, two types of strain relief 
sections are incorporated into the structural support; 
one which permits longitudinal expansion of the integral 
structural support graft and one which allows for the ra- 
dial expansion of the integral structural support graft. 
The number of strain relief sections and the degree of 
strain relief afforded by the strain relief sections deter- 
mines the longitudinal and the radial expansion ratios of 
the final structurally supported graft. Also, like all of the 
previously described embodiments, the structural sup- 
port of this embodiment may further comprise a plurality 
of barb-forming sections in the structural support which 
are deformed during radial expansion to project away 
from the central axis of the graft to anchor the graft in 
the anatomical passageway. 

[0026] A fourth embodiment of the integral structurally 
supported graft includes a wire or ribbon member, hav- 
ing strain relief sections, encapsulated between con- 
centrically joined tubular ePTFE grafts. A first tubular 
ePTFE graft member is mounted onto a mandrel. At 
least one wire or ribbon member, with a plurality of strain 
relief sections which permit longitudinal expansion of 
the wire or ribbon member upon application of a longi- 



tudinally oriented force relative to the longitudinal axis 
of the wire or ribbon member is applied to an outer sur- 
face of the first tubular ePTFE graft member, either as 
a helical winding or as ring structures, a second tubular 
5 ePTFE graft member is then concentrically positioned 
about thefirsttubularePTFE graft member and covering 
the wire or ribbon member. Circumferential pressure is 
applied to mechanically bond the first and second ePT- 
FE tubular graft members to one another and encapsu- 
late the wire or ribbon member therebetween. The first 
and second ePTFE tubular graft members may be 
formed either from tubular PTFE extrudates or from eP- 
TFE planar sheets which are rolled into a tubular con- 
figuration upon one another with the structural support 
member interdisposed between adjacent ePTFE planar 
sheets. Like the above-described alternative embodi- 
ments of the integral structurally supported graft, the 
wire or ribbon support member may include a plurality 
of barb-forming sections in the support member which 
are deformed during radial expansion of the assembly 
to project away from the central axis of the graft and 
assist in anchoring the graft to adjacent tissue. 
[0027] Methods in accordance with the present inven- 
tion, for making an integral structural support graft, may 
include the steps of 1) selecting or preparing a rod or 
ribbon member with strain relief sections; 2) co-extrud- 
ing the rod or ribbon member with non-expanded PTFE 
beading; 3) removing longitudinal sections of the bead- 
ing from the encapsulated strain relief sections; 4) heli- 
cally winding the beading onto a tubular ePTFE graft 
member; and 4) mechanically bonding the beading to 
the surface of the graft member. Alternatively, the third 
step may be eliminated by co-extruding the rod or ribbon 
member with strain relief sections and the PTFE bead- 
ing, longitudinally expanding the co-extruded structural 
support and PTFE beading, and then helically wound 
about and bonded to the surface of the graft member. 
The step of removing longitudinal sections of the bead- 
ing from the strain relief sections is not required where 
the beading is expanded PTFE because the micropo- 
rosity formed during longitudinal expansion of ePTFE 
will permit the strain relief sections to mechanically de- 
form under the influence of the applied load and repo- 
sition within the ePTFE material matrix. 
[0028] An integral structural support graft may also be 
formed, in accordance with the present invention, by ex- 
truding the co-extruded structural support alone, or with 
a beading directly with the ePTFE graft member. Fur- 
ther, the process for making the integral structural sup- 
port graft may include extruding the structural support 
directly into the internal surface, external surface, or wall 
of the ePTFE graft member. 



Brief Description of the Drawings 

55 

[0029] 

Figure 1 is a partial perspective view of a first em- 
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bodiment of the integral structural support graft 
made by the method of the present invention show- 
ing the beading cut away from the strain relief sec- 
tions of the integral structural support. 

5 

Figure 1 A is a perspective view of a section of co- 
extruded rod/wire member and beading with the 
beading cut away from the strain relief section of 
the rod/wire member shown in phantom. 

10 

Figure 2 is a partial perspective view of a ribbon 
shaped structural support co-extruded into bead- 
ing, which is later spiraled or placed in concentric 
rings around a tubular graft to form a second em- 
bodiment of the integral structural support, with the 15 
ribbon shaped structural support shown in phan- 
tom. 

Figure 3A is a top elevational view of a zig-zag fold 
embodiment of the integral structural support made 20 
by the method of the present invention shown in its 
unexpanded condition. 

Figure 3B is a top elevational view of the zig-zag 
fold embodiment of the integral structural support 25 
made by the method of the present invention shown 
in Figure 3A in its longitudinally expanded condition. 

Figure 4A is a top elevational view of a U channel 
stamp embodiment of the integral structural support 30 
made by the method of the present invention in its 
unexpanded condition. 

Figure 4B is a top elevational view of the U channel 
stamp embodiment of the integral structural support 35 
made by the method of the present invention shown 
in Figure4Ain its longitudinally expanded condition. 

Figure 5A is a top elevational view of a square 
stamp embodiment of the integral structural support 40 
made by the method of the present invention in its 
unexpanded condition. 

Figure 5B is a top elevational view of the square 
stamp embodiment of the integral structural support 45 
made by the method of the present invention shown 
in Figure 5A in its longitudinally expanded condition. 

Figure 6A is a top elevational view of a diamond 
stamp embodiment of the integral structural support 50 
made by the method of the present invention in its 
unexpanded condition. 

Figure 6B is a top elevational view of the diamond 
stamp embodiment of the integral structural support 55 
made by the method of the present invention shown 
in Figure6Ain its longitudinally expanded condition. 



Figure 7A is a top elevational view of a "V" groove 
stamp embodiment of the integral structural support 
made by the method of the present invention in its 
unexpanded condition. 

Figure 7B is atop elevational view of the "V" groove 
stamp embodiment of the integral structural support 
made by the method of the present invention shown 
in Figure 7Ain its longitudinally expanded condition. 

Figure 8 is a perspective view of a third embodiment 
of the integral structural support graft made by the 
method of the present invention shown in its longi- 
tudinally oriented configuration priorto helically dis- 
placing the co-extruded beading and structural sup- 
port about its central axis. 

Figure 9A is a perspective view of a fourth embod- 
iment of the integral structural support graft made 
by the method of the present invention, in an unex- 
panded state, showing the structural support con- 
tained within the wall of the graft. 

Figure 9B is a perspective view of the fourth em- 
bodiment of the integral structural support graft 
made by the method of the present invention shown 
in Figure 9A, in a radially expanded state. 

Figure 9C is a side elevational view of the fourth 
embodiment of the integral structural support graft 
made by the method of the present invention illus- 
trating a first helical winding pattern for the structur- 
al support member. 

Figure 9D is a side elevational view of the fourth 
embodiment of the integral structural support graft 
made by the method of the present invention illus- 
trating a second helical winding pattern for the 
structural support member. 

Figure 10 is a perspective of an integral structural 
support encapsulated within a planarfilm of ePTFE 
which is rolled into the tubular configuration as 
shown in Figures 9A and 9B. 

Figure 1 1 is a flow chart showing the processes of 
the present invention for making the preferred em- 
bodiments of the integral structurally supported 
graft. 

Detailed Description of the Preferred Embodiments 

[0030] The accompanying Figures illustrate the four 
preferred embodiments of the inventive graft with inte- 
gral structural support and the inventive method of mak- 
ing the graft with integral structural support. A first pre- 
ferred embodiment made with the invention is a graft 
supported with helically wound solid unexpanded poly- 
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tet raf I li o methylene (PTFE) beading co-extruded with a 
strain-relieved radiopaque support. A second preferred 
embodiment made with the invention is a graft support- 
ed with helically wound expanded polytetrafluoroethyl- 
ene (ePTFE) co-extruded with a strain-relieved radio- 
paque support. Athird preferred embodiment made with 
the present invention includes a graft supported with in- 
tegral beading, in which a strain-relieved radiopaque 
support is co-extruded with the integral beading. Finally, 
a fourth preferred embodiment made with the present 
invention includes a radiopaque structural support 
member encapsulated between concentric tubular eP- 
TFE graft members. 

[0031] Various configurations of strain relief sections 
on the wire or ribbon support member may be employed 
which are functionally equivalent to the particular em- 
bodiments of the strain relief sections described herein. 
Thus, while particular reference is made to individual 
configurations of the strain relief sections in the descrip- 
tion of the preferred embodiments made with the 
present invention, use of the term "strain relief section" 
is intended to mean any means which permits longitu- 
dinal plastic deformation of the support member, i.e., be- 
yond the elastic limit of the material of the support mem- 
ber and beyond the elastic limit of the particular dimen- 
sional configuration of the support member, without 
causing mechanical failure and breakage of the support 
member. 

First Embodiment 

[0032] In accordance with the first preferred embodi- 
ment made with the present invention, and with partic- 
ular reference to Figures 1 and 1 A, an integrally sup- 
ported tubular graft 10 comprises a tubular graft mem- 
ber 12 having a first open end 14, a second open end 
(not shown), and a wall having a luminal surface 1 6 and 
an abluminal surface 18 which are separated by a wall 
thickness 20. The luminal surface 1 6 ofthe tubular graft 
member 1 2 defines a graft lumen 22 which permits fluid 
flow therethrough. The tubular graft 10 is preferably 
made of polytetrafluoroethylene extruded by ram extru- 
sion of a polytetrafluoroethylene-lubricant billet through 
an extrusion die to form a tubular extrudate, which is 
then longitudinally expanded and sintered at or above 
the crystalline melt point of polytetrafluoroethylene as is 
well known in the art. The resulting longitudinally ex- 
panded polytetrafluoroethylene (ePTFE) has a charac- 
teristic microporous node and fibril microstructure. 
[0033] Beading 24, covering a longitudinally extend- 
ing support member 30, concentrically positioned within 
the beading 24 is helically provided about the tubular 
shaped member 12 and is preferably placed about the 
abluminal surface 18 of the tubular graft member 12. 
The beading 24 and the structural support 26 are pref- 
erably co-extruded in accordance with methods of mak- 
ing insulated electrical wire known in the wire making 
arts. The support member 26 preferably comprises a 



wire or ribbon-shaped member having a plurality of 
strain relief sections 30 which permit elongation of the 
support member 26 under the influence of a longitudi- 
nally applied force. As illustrated in Figures 1 and 1 A, 

5 support member 26 comprises a wire-like member 28 
covered by the co-extruded beading 24 and having a 
plurality of strain relief sections 30 periodically posi- 
tioned along the longitudinal length ofthe support mem- 
ber 26. The strain relief sections 30 consist of regions 

10 of the wire-like member 28 uncovered by the co-extrud- 
ed beading 24 and weakened relative to the covered re- 
gions of the wire-like member 28, such as by having a 
narrowed diameter relative to the covered regions of the 
wire-like member 28. The strain relief sections 30 longi- 

15 tudinally deform under the influence of a longitudinally 
applied load, such as by the relatively weakened regions 
elongating. The strain relief sections 30 may also be 
formed by selectively weakening or hardening longitu- 
dinal regions of the wire-like member 28 and without al- 

20 tering their dimensional profile. For example, a length of 
wire-like member 28 may be exposed to high tempera- 
tures at periodic intervals along its length to alter the 
metallurgical properties, and hence, the mechanical 
properties of the treated regions. These strain relief sec- 

25 tions 30 are preferably uncovered by the beading 24, 
which is co-extruded with the wire-like member 28. The 
beading 24 covering the strain relief sections 30 may be 
removed by selective application of thermal energy : 
gamma irradiation, chemical etching, or by mechanical 

30 means such as manually or mechanically cutting the 
beading 24 from the strain relief section 30. The wire- 
like member 28 is preferably comprised of a metal. Suit- 
able metals are Nitinol, stainless steel, titanium, tanta- 
lum and gold alloys. The beading 24 is preferably non- 
35 expanded sintered PTFE. 

[0034] The beading 24 and the wire-like member 28 
coextruded therewith are preferably helically wound or 
positioned as circumferential rings about the outer sur- 
face 18 of the tubular graft member 12 and mechanically 

40 bonded to the tubular graft member 12. Mechanical 
bonding is accomplished either by use of a biocompat- 
ible melt thermoplastic, a biocompatible adhesive such 
as silicone, or by sintering the beading 24 to the graft 
member 12. 

45 [0035] The integrally structurally supported graft 1 0 is 
preferably delivered percutaneously on an angioplasty 
balloon catheter or using a delivery catheter having a 
sheath covering the graft. When the integral structural 
supported graft is delivered to the desired endoluminal 

50 site, it is radially expanded in vivo, and the exposed 
strain relief sections 30 permit radial expansion of the 
tubular graft member 12. Upon radial expansion ofthe 
tubular graft member 12, the beading 24 will allow for 
the radial expansion of the tubular PTFE graft 12 and 

55 the corresponding beading 24. 
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Second Embodiment 

[0036] A second preferred embodiment of the integral 
structural support made with the present invention gen- 
erally includes a tubular graft member comprised of eP- 
TFE, a structural support member having a plurality of 
strain relief sections and an ePTFE covering for the 
structural support member. Unlike the first embodiment 
made with the present invention, described above, in ac- 
cordance with the second embodiment of the invention, 
the structural support member remains fully covered by 
the ePTFE covering. Because of the microporous micro- 
structure of ePTFE, the need to remove sections of the 
structural support member covering to permit longitudi- 
nal expansion of the structural support member, is 
avoided. The structural support member is preferably 
co-extruded with the ePTFE covering, as is well known 
in the wire-making arts. At least two types of strain relief 
sections are provided on the structural support member, 
one strain relief section permits a greater degree of lon- 
gitudinal expansion of the structural support member 
than the second strain relief section. In this manner, both 
longitudinal expansion ofthe base structurally supported 
graft and radial expansion of the base structurally sup- 
ported graft are accommodated. 
[0037] An example of the co-extruded ribbon member 
46 and ePTFE beading 48 which comprises part of the 
second embodiment of the integral structural support 
graft made with the present invention is shown in Fig. 2. 
The strain relief sections may exhibit many forms. In Fig. 
2, sections of the ribbon member are have altered pro- 
files which form strain relief sections. More specifically, 
a first set of strain relief sections 50 comprise horizon- 
tally disposed recesses which extend through the width 
of a ribbon member thereby allowing the graft to be hor- 
izontally expanded. A second set of strain relief sections 
52 comprise vertically disposed recesses which extend 
along the entire width of the ribbon member, but not 
through its entire thickness, thereby allowing the graft 
to be radially expanded. Further, the ribbon member 46 
of the second embodiment may include a third set of 
strain relief sections 54 which form barb-like protrusions 
extending outward in the radial direction upon expan- 
sion of the integral structural support graft to anchor the 
graft to the vessel wall. 

Third Embodiment 

[0038] A third embodiment of the integrally structural- 
ly supported graft 1 00 is shown in Fig. 8. Integrally struc- 
turally supported graft 1 00 consists generally of a tubu- 
lar graft member 102, preferably comprised of ePTFE, 
having at least one of a plurality of integral, monolithic 
rib structures 106 formed on and protruding outwardly 
from an abluminal surface 1 1 4 of the tubular graft mem- 
ber 102 and a structural support member 104 carried 
within and covered by the at least one rib structure 1 06. 
The method of extruding the tubular graft member 1 02 



having at least one of a plurality of integral, monolithic 
rib structures 1 06 is preferably that disclosed and de- 
scribed in International Application Publication No. WO 
951 0247, published April 20, 1 995, which is the subject 

5 of common ownership with the present application . The 
tubular graft member 102 has a first open end 108, a 
second open end 1 1 0, an interior or luminal surface 1 1 2 
defining graft lumen 116, and the abluminal or exterior 
surface 1 1 4. Structural support member 1 04 comprises 

10 at least one of a plurality of strain relief sections which 
permit both longitudinal and radial expansion of integral- 
ly structurally supported graft 100. Structural support 
member 1 04 and tubular graft member 1 02, with integral 
rib structures 106, are preferably co-extruded simulta- 

15 neously as is well known in the wire-making art. The re- 
sulting co-extrudate, depicted in Figure 8, is character- 
ized by a tubular graft member 102 having at least one 
of a plurality of longitudinal rib structures 106 bearing 
the structural support member 104 therein. The co-ex- 

20 trudate is first processed by longitudinally expanding the 
co-extrudate, with a first of a plurality of strain relief sec- 
tions borne on the structural support member 104 ac- 
commodating longitudinal expansion of the tubular graft 
member 102 and the integral rib structures 106. After 

25 longitudinal expansion, a torsional force is applied to the 
tubular graft 102, integral rib structures 106 and struc- 
tural support member 104 to cause a helical displace- 
ment of the tubular graft 1 02, integral rib structures 1 06 
and the structural support member 104, the resulting 

30 structure appearing to have a helical winding of the rib 
structures 106 carrying the structural support member 
1 04. While the torsional force is maintained by restrain- 
ing the opposing open ends 1 08, 1 1 0 of the tubular graft 
member 102, the co-extrudate is sintered at or above 

35 the crystalline melt point of PTFE and allowed to cool. 
[0039] Alternatively, the structural support member 
104 and tubular graft member 102, with integral rib 
structures 106, are simultaneously co-extruded while 
being rotated within the ram extruder, as described in 

40 International Application Publication No. WO 9510247, 
which is useful as teaching an extrusion method in which 
a PTFE billet rotated while ram extruding the billet into 
a tubular member, and for longitudinally expanding the 
issuing extrudate while maintaining rotational move- 

45 ment of the extrudate. The resulting co-extrudate is 
characterized by a tubular graft member 102 having at 
least one of a plurality of longitudinal rib structures 106 
bearing the structural support member 104 therein, hel- 
ically disposed on either the inner, luminal surface of the 

50 resulting graft or on the outer, abluminal surface of the 
resulting graft. 

Fourth Embodiment 

55 [0040] Finally, a structurally supported graft 120 hav- 
ing a structural support member carried within the wall 
of the tubular graft member is provided in accordance 
with a fourth preferred embodiment made with the 
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present invention. As illustrated in Figures 9A and 9B, 
a structural support member 122, shown in phantom, is 
carried within the wall of the tubular graft member 124 
residing between abluminal wall surface 1 26 and the lu- 
minal wall surface 128 of the graft member 124. The 
structural support member 122 having a plurality of 
strain relief sections, may be co-extruded with the graft 
member 1 24, then longitudinally expanded and sintered 
coincidental with the graft member 1 24, or may be inter- 
disposed between at least two adjacent, concentrically 
joined unsintered longitudinally expanded graft mem- 
bers 124, depicted by phantom line 125, and sintered 
coincidental with the at least two graft members 124. In 
order to maintain adequate circumferential and longitu- 
dinal dimensional stability in the structurally supported 
graft 120, it is preferable that the structural support 
member 122 be formed as an open helical winding or 
as co-axial ring structures arrayed along the longitudinal 
axis of the structurally supported graft 120. Figure 9A 
illustrates the structurally supported graft 1 20 in its dia- 
metrically and longitudinally unexpanded state, while 
Figure 9B illustrates the structurally supported graft 1 20 
in its longitudinally and diametrically expanded state. 
[0041] Where the structural support member 122 is 
encapsulated between at least two adjacent, concentri- 
cally joined graft members 124, depicted by phantom 
line 125, it is preferable to ram extrude the at least two 
tubular graft members 124 into tubular extrudates and 
then longitudinally expand the tubular extrudates to form 
unsintered tubular graft members 124, in accordance 
with well known processes for making tubular longitudi- 
nally expanded polytetrafluoroethylene. The at least two 
tubular graft members 1 24 may be selected to have the 
same or substantially the same material properties or 
may have different and distinct material properties from 
one another. For example, the outer tubular graft mem- 
ber 1 24 may be made to have higher intemodal distanc- 
es (IND) and, therefore, have a greater porosity and low- 
er density than the inner tubular graft member 124. or 
the inner tubular graft member 124 may have a greater 
wall thickness than the outer graft memberto permit the 
structural support member 1 22 to helically wou nd about 
or circumferentially positioned about the inner tubular 
graft member and embedded into the inner graft mem- 
ber's outer wall surface by application of positive pres- 
sure, before concentrically joining the outer tubular graft 
member 124 to the inner tubular graft member 124. Var- 
ious other material properties of polytetrafluoroethylene 
grafts, such as water entry pressure, ethanol bubble 
point, suture retention strength, longitudinal tensile 
strength, node and fibril dimension, and the like, may be 
selected and varied in accordance with known methods 
of processing polytetrafluoroethylene, as desired. 
[0042] The integrally structurally supported graft 120 
of the present invention is made by mounting a first tu- 
bular graft member 124 upon a mandrel, coupling at 
least one of a plurality of structural support members 
1 22 to the first tubular graft member 1 24, concentrically 



mount a second tubular graft member 124 over the at 
least one of a plurality of structural support members 
122 and the first tubular graft member 124, apply cir- 
cumferential pressure to the resulting assembly to me- 

5 chanically bond the first and second tubular graft mem- 
bers 1 24 to one another about the at least one structural 
support member 1 22, and sinter the resulting assembly 
at or above the crystalline melt point of PTFE. It is im- 
portant that the at least one structural support member 

10 1 22 be coupled in such a manner as to provide dimen- 
sional stability to the resulting structure in both the radial 
and longitudinal axes of the structurally supported graft 
1 20. It has been found preferable to configure the struc- 
tural support member 122 as either a helical winding 

15 about and along the longitudinal extent of the first tubu- 
lar graft member 124 or as ring structures interconnect- 
ed by helically wound sections of the structural support 
member 122. 

[0043] The resulting structure is an encapsulated in- 
20 tegrally structurally supported graft 120 in which the 
graft members 124 are made of ePTFE and character- 
ized by a microporous material matrix of nodes intercon- 
nected by fibrils, surrounding the structural support 
member 122. Where the at least one of a plurality of 
25 structural support members are oriented substantially 
circumferentially relative to the first and second tubular 
graft members 1 24, the encapsulated structural support 
members 1 22 are capable of longitudinal expansion by 
the deformation of the plurality of strain relief sections 
30 upon radial expansion of the structurally supported graft 
120. As noted above, circumferential positioning of the 
structural support members 122 may be accomplished 
either by helically winding or radially winding the struc- 
tural support members 122 about at least a portion of 
35 the longitudinal length of the first tubular graft member 
1 24. In this manner, radial expansion of the structurally 
supported graft 1 20 causes contemporaneous deforma- 
tion of the microporous material matrix of the first and 
second tubular graft members 124, with the node-fibril 
40 microstructure being deformed relative to its non-radial- 
ly expanded state, and deformation of the encapsulated 
structural support members 122. 
[0044] As noted above, the structural support mem- 
ber 1 22 may be helically wound or formed as ring struc- 
45 tures about an outer surface of the first or inner tubular 
graft member 124 prior to covering with the second, or 
outer tubular graft member 124. Various other winding 
configurations for the structural support member 122 
may be employed to optimize the dimensional stability 
50 of the resulting integrally structurally supported graft 
1 20. Figures 9C and 9D illustrate two alternative helical 
winding patterns for the structural support member 1 22 
which provide adequate longitudinal and radial dimen- 
sional stability to the integrally structurally supported 
55 graft 1 20, while still permitting the integrally structurally 
supported graft 120 to be radially expanded. Common 
to each of the two alternative winding patterns for the 
structural support member 122 are the features of 1) a 
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continuous winding and 2) a plurality of ring structures 
formed on the outer surface 1 28 of the first graft member 
1 24 at spaced-apart intervals along the longitudinal axis 
of the first graft member 1 28. A first winding pattern for 
thestructural support member 1 22 is illustrated in Figure 
9C. In accordance with this first winding pattern, the 
structural support member 122, having a plurality of 
strain relief sections (notshown), is wound about an out- 
er surface 1 28 of the first graft member 1 24 at one end 
thereof with high frequency windings to create closely 
adjacent helical windings, thereby forming a ring struc- 
ture 135. After a first ring structure 135 is formed, the 
winding frequency is reduced to create a low pitch angle 
section 1 37 of the structural support member 1 22. The 
low pitch angle sections 137 of the structural support 
member interconnect adjacent pairs of ring structures 
135 along the longitudinal axis of the structurally sup- 
ported graft 1 20. A second winding pattern for the struc- 
tural support member 122 is illustrated in Figure 9D. In 
accordance with this first winding pattern, the structure 
support member 122, having a plurality of strain relief 
sections (not shown) is wound about an outer surface 
128 of the first graft member 124, to create a first ring 
structure 137 adjacent one end of the first graft member. 
The first ring structure 137 is formed of closely spaced, 
high frequency helical windings. Afterthefirst ring struc- 
ture 137 is formed, the helical winding pattern is inter- 
rupted and a straight section 138, oriented parallel to 
the longitudinal axis of the first graft member 124 is 
formed. The straight section 138 of the structural sup- 
port member 1 22 interconnects an adjacent second ring 
structure 137 and successive adjacent pairs of ring 
structures 137 along the entire longitudinal axis of the 
first tubular graft member 1 34. Successive straight sec- 
tions 138 may be formed in longitudinal alignment with 
one another at a given radial position on the circumfer- 
ence of the first tubular graft member 124, or may be 
radially offset from one another, i.e., at different radial 
positions on the circumference of the first tubular graft 
member 124. The longitudinal flexibility, i.e., the flexion 
characteristics in the longitudinal axis, of the resulting 
integrally structurally supported graft 120 can be con- 
trolled by altering the position of the plurality of straight 
sections 1 38 relative to one another or the low pitch an- 
gle sections 1 37 relative to one another . 
[0045] It will be appreciated, by those skilled in the art, 
that the tubular graft members 124 may be made by ram 
extruding a compressed preformed billet of PTFE with 
an extrusion aide and ram-extruding the preformed billet 
through a die to yield a PTFE extrudate. To obtain a tu- 
bular graft member 1 24, the extrusion die may either be 
a circular die which receives a circular mandrel there- 
throughto obtain a tubular extrudate, or may be a slotted 
die to obtain a planar extrudate. Where a tubular extru- 
date is obtained by ram extruding a compressed billet, 
made of PTFE and lubricant, through an annular open- 
ing formed by the circular die opening and an extrusion 
mandrel, the tubular extrudate is longitudinally expand- 



ed to form the tubular graft members 124. However 
where a planar extrudate is desired, the planar extru- 
date is obtained by ram extruding a compressed billet, 
made of PTFE and lubricant, through a rectilinear open- 

5 ing formed in the extrusion die. The planar extrudate is 
then longitudinally expanded to form an ePTFE sheet 
material. As illustrated in Figure 10, in which the ele- 
ments are denoted by reference numerals common with 
those for analogous elements in Figures 9A and 9B, the 

10 tubular integrally structurally supported graft 120 may 
be made from one or more planar ePTFE sheets 124 
which are rolled about a forming mandrel to impart a tu- 
bular configuration to the ePTFE sheets 124. 
[0046] Alternative methods of forming the integrally 

15 structurally supported ePTFE sheet material are con- 
templated by the present invention. First, the at least 
one structural support member 1 22 may be co-extruded 
with a planar extrudate and longitudinally expanded with 
the co-extruded PTFE. Second, the at least one struc- 

20 tural support member 122 may be interdisposed be- 
tween adjacent first and second ePTFE sheet graft 
members 124, denoted by phantom line 125, and the 
first and second ePTFE sheet graft members 124 com- 
pressed to mechanically bond the first and second eP- 

25 TFE sheet graft members 124 to one another around 
the at least one structural support member 122. The re- 
sulting structurally supported planar graft assembly 1 20 
is then rolled, preferably about a mandrel, along the lon- 
gitudinal axis of the structural support members, as de- 

30 noted by arrow 128, such that the opposing ends 127, 
1 29 of the planar graft member 1 24, having the at least 
one structural support member 122 terminating there- 
with, are brought into proximity with one another, pref- 
erably abutting one another or overlapping one another. 

35 Alternatively, the structurally supported planar graft as- 
sembly 1 20 may be rolled about a mandrel in a diagonal 
orientation such that the at least one structural support 
member 1 22 assumes a helical winding pattern. The re- 
sulting seam formed between the proximate opposing 

40 ends 127, 129 or between lateral edges of the structur- 
ally supported sheet graft member 1 24, depending upon 
the orientation of rolling, are then preferably heat sin- 
tered to one another using either a PTFE tape or a fluor- 
oethylpolypropylene (FEP) tape, or by heat sintering the 

45 overlapping opposing ends 127, 129 to one another. 
[0047] One particular advantage of forming the tubu- 
lar structurally supported graft 1 20 by encapsulating the 
structural support member 122 between planar ePTFE 
sheets 1 24, as depicted in Figure 1 0, is that the material 

50 properties of the planar ePTFE sheets 124 may be dif- 
ferent from one another. The planar ePTFE sheets 1 24 
may be selected to have the same or substantially the 
same material properties or may have different and dis- 
tinct material properties for one another. For example, 

55 a first planar ePTFE sheet 124 may be made to have 
higher internodal distances (IND) and, therefore, have 
a greater porosity than the second planar ePTFE sheet 
124, or the first planar ePTFE sheet 124 may have a 
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greater wall thickness than the second planar ePTFE 
sheet 1 24 to permit the structural support member 1 22 
to embed a greater extent into the thicker first planar 
ePTFE sheet 1 24, upon application of positive pressure, 
before the first and second planar ePTFE sheets 1 24 to 
one another. Various other material properties of poly- 
tetrafluoroethylenegrafts, such as water entry pressure, 
ethanol bubble point, suture retention strength, longitu- 
dinal tensile strength, node and fibril dimension and ori- 
entation, and the like, may be selected and varied in ac- 
cordance with known methods of processing poly- 
tetrafluoroethylene, as desired. To increase the hoop 
strength of the resulting tubular structurally supported 
graft 120, the fibril orientations of the first and second 
ePTFE sheets 124 may be oriented perpendicular to 
one another during assembly. Because the fibril orien- 
tation of expanded polytetrafluoroethylene is parallel to 
the direction of expansion, uniaxially expanded PTFE 
exhibits fibrils extending parallel to the direction of ex- 
pansion, while biaxially expanded PTFE exhibits fibrils 
extending parallel to each axis of expansion. Thus, it is 
desirable to position the fibril orientation of the first pla- 
nar ePTFE sheet 1 24 perpendicular to the fibril orienta- 
tion of the second planar ePTFE sheet 124, and encap- 
sulating the structural support member 122 therebe- 
tween. The resulting structurally supported graft 120, af- 
ter rolling into a tubular structure, sealing the seams and 
sintering the assembly, will exhibit dimensional stability 
in both the longitudinal and radial axes of the structurally 
supported graft 1 20 in a manner analogous to a biaxially 
expanded PTFE material. 

[0048] Figs. 3A and 3B through Figs. 7Aand 7B depict 
various configurations of the structural support mem- 
bers of the integrally structurally supported grafts of the 
first, second and third embodiments made with the 
present inventions, described above, and depict the 
structural support member in its non-longitudinally ex- 
panded state and in its longitudinally expanded state. 
Each of the configurations incorporates at least one type 
of strain relief section. The strain relief sections prefer- 
ably take the form of folded elements, plastic deforma- 
ble sections, weakened sections or any equivalent sec- 
tion which permits longitudinal elongation of the struc- 
tural support member while retaining the material integ- 
rity without separation of the material into discrete seg- 
ments. At least one of the plurality of strain relief sec- 
tions may include barb-forming segments which, upon 
longitudinal elongation of the structural support mem- 
ber, form outwardly projecting barbs which facilitate an- 
choring of the integrally structurally supported graft into 
the tissue defining the anatomical passageway. Radial 
expansion ofthe integrally structurally supported graft 
imparts a longitudinally oriented force to the structural 
support member, thereby deforming at least one type of 
the plurality of strain relief sections and longitudinally 
elongating the structural support member. 
[0049] Fig. 3A illustrates a folded element configura- 
tion structural support member 60 in which a wire-like 



member is bent or otherwise formed, such as by stamp- 
ing a planar material, or molding a moldable material, 
into a plurality of everted Z-shaped sections 62. Fig. 3B 
shows the folded element configuration structural sup- 

5 port member 60 in its longitudinally expanded state. In 
its longitudinally expanded state, the Z-shaped sections 
62 form pointed barbs 64 which project away from the 
central axis of the structural support member 60 and 
provided anchor points to anchor the integrally structur- 

10 ally supported graft within the tissue defining the ana- 
tomical passageway. 

[0050] Fig. 4A illustrates another embodiment of the 
structural support member 66 having a generally U- 
shaped configuration and comprising a wire-like struc- 

15 tural support member 66 bent or otherwise formed, such 
as by stamping a planar material or molding a moldable 
material, into a plurality of U-shaped sections 68, 70 
having each linear member defining the U-shaped sec- 
tion 68, 79 assuming approximately a 90 degree angle 

20 relative to an adjacent linear member. Barb-forming 
members 72 may, optionally, be attached to or be an 
integral part of the structural support member 66 and 
project outwardly from at least one linear member of 
each U-shaped section 68, 70, but are co-planar and 

25 co-axial with the structural support member 66 when in 
its non-longitudinally expanded state, as illustrated in 
Figure 4A. As illustrated in Figure 4B, longitudinal ex- 
pansion ofthe structural support member 66 causes lon- 
gitudinal deformation of each of the plurality of U- 

30 shaped sections 68, 70 such that the linear members 
defining the U-shaped sections 68, 70 are deformed rel- 
ative to one another and assume an obtuse angle, i.e., 
greater than 90 degrees, relative to an adjacent linear 
member ofthe U-shaped sections 68, 70 and the barb- 

35 forming members 72 project outwardly from the central 
axis ofthe structural support member 66. 
[0051] Figure 5A illustrates a square stamp embodi- 
ment of the structural support member 74 made in ac- 
cordance with the present invention. The square stamp 

40 structural support member 74 comprises a series of al- 
ternating closed square members 76 and open square 
members 78 which are connected to one another along 
a longitudinal axis of the structural support member 74 
by connecting members 79. The structural support 

45 member 74 is preferably formed by die stamping a pla- 
nar material into the square stamp configuration of the 
structural support member 74. Alternatively, the struc- 
tural support member 74 may be made by molding a 
moldable material or deforming a flattened wire-like ma- 

50 terial into the configuration of structural support member 
74. As illustrated in Figure 5B, longitudinal expansion of 
the structural support member 74 causes linear defor- 
mation of the closed square members 76 and the open 
square members 78, with the open square members 78 

55 opening and outwardly projecting barb-forming mem- 
bers 80 away from the longitudinal axis ofthe structural 
support member 74. 

[0052] Figure 6A illustrates a diamond stamp struc- 
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tural support member 82 in its non-longitudinally ex- 
panded state. The diamond stamp structural support 
member 82 comprises a linear series alternating closed 
diamond shaped members 84 and open diamond 
shaped members 86 interconnected along their longitu- 5 
dinal axis by a plurality of linear strut members 89. As 
illustrated in Figure 6B, longitudinal expansion of the 
diamond stamp structural support member 82 causes 
the longitudinal deformation of the open 86 and closed 
87 diamond shaped members, with the open diamond 10 
shaped members 87 deforming to outwardly project 
barb-forming open ends 88 of the open diamond shaped 
members 87 away from the longitudinal axis of the struc- 
tural support member 82. The structural support mem- 
ber 82 is preferably formed by die stamping a planar ma- is 
terial into the diamond stamp configuration of the struc- 
tural support member 82. Alternatively, the structural 
support member 82 may be made by molding a molda- 
ble material or deforming a flattened wire-like material 
into the configuration of structural support member 82. 20 
[0053] Fig. 7A illustrates a structural support member 
90 formed of a plurality of longitudinally interconnected 
V-shaped members 92. Some of the V-shaped mem- 
bers 94 have a barb-forming member 96 attached at an 
apex of the V-shaped member 94, the barb-forming 25 
member 96 being oriented substantially parallel to the 
longitudinal axis of the structural support member 90 in 
its non-longitudinally expanded state. As illustrated in 
Figure 7B ; longitudinal expansion of the structural sup- 
port member 90 causes the longitudinal deformation of 30 
each of the plurality of longitudinally interconnected V- 
shaped members 92, including the V-shaped members 
94 having the barb-forming member 96 attached there- 
to. Upon longitudinal deformation of the structural sup- 
port member 90, the plurality of V-shaped members 94 35 
assume a flattened linear configuration, with the barb- 
forming members 96 projecting outwardly away from the 
longitudinal axis of the structural support member 90. 
As with the previously described embodiments, the 
structural support member 90 is preferably formed by 40 
die stamping a planar material, alternatively, the struc- 
tural support member 90 may be made by molding a 
moldable material or deforming a flattened wire-like ma- 
terial into the configuration of structural support member 

90. 45 

[0054] In each of the foregoing described embodi- 
ments of the structural support member 30, 50, 60, 70, 
80 and 90, described with reference to Figures 1 -7B, the 
strain relief sections may be formed by obtaining or pre- 
paring a wire-like member, made of a ductile metal or 50 
plastic material, and selectively treating longitudinal 
sections of the wire-like member to obtain variable lon- 
gitudinal mechanical properties in the wire-like member. 
The selective treatment of longitudinal sections of the 
wire-like member preferably include exposing the se- 55 
lected longitudinal sections to thermal energy, such as 
RF energy, laser energy, resistive heating, induction 
heating, gamma irradiation or the like to selectively 



harden or weaken sections of the wire-like member 
thereby obtaining intermediate sections ofthe wire-like 
member which exhibit differential ductility and serve as 
the strain relief sections. Alternatively, longitudinal sec- 
tions of the wire-like member may be selectively ex- 
posed to thermal, chemical or mechanical energy or to 
a source of radiation, such as x-ray. gamma ray or pho- 
ton energy to define either a positive or negative image, 
with subsequent processing to etch sacrificial areas 
from the wire-like member, such as by photolithography 
or x-ray lithography, thereby dimensionally altering the 
transverse cross-sectional profile of the wire-like mem- 
ber. Examples of methods useful to remove sacrificial 
areas of the structural support member include laser 
etching, chemical etching, photolithography, x-ray li- 
thography, mechanical cutting, machining, or equivalent 
methods. 

[0055] Turning nowto Figure 1 1 , the process for mak- 
ing the first 200, second 21 0, third 220 and fourth em- 
bodiments 230 of the integrally structurally supported 
graft made with the present invention is set forth. The 
inventive process for making each preferred embodi- 
ment of the integrally structurally supported graft starts 
with step 202, which is providing a structural support 
member having a plurality of deformable strain relief 
sections periodically provided along a longitudinal 
length of the structural support member. The structural 
support member provided at step 202 is preferably se- 
lected from the various preferred embodiments for the 
structural support member described above with refer- 
ence to Figures 1-7B. The process for making the first 
preferred embodiment 10 of the integrally structurally 
supported graft then includes the step 204 of co-extrud- 
ing the selected support member with non-expanded 
polytetrafluoro ethylene beading such that the support 
member is covered by non-expanded polytetrafluor- 
oethylene. Longitudinal sections of the non-expanded 
polytetrafluoroethylene are then removed in step 206 to 
expose a plurality of the underlying strain relief sections. 
As noted above, removal ofthe longitudinal sections of 
the non-expanded polytetrafluoroethylene may be ac- 
complished by a wide variety of methods, such as laser 
etching, chemical etching, mechanical cutting, or equiv- 
alent methods. The process for making the second pre- 
ferred embodiment of the integrally structurally support- 
ed graft 21 0 entails providing a support member having 
at least two types of strain relief sections, a plurality of 
first strain relief sections having a degree of longitudinal 
deformability commensurate with the degree of longitu- 
dinal expansion to which the base structurally supported 
graft will be exposed, and a plurality of second strain 
relief sections having a degree of longitudinal deforma- 
bility commensurate with the degree of radial expansion 
to which the base structurally supported graft will be ex- 
posed. The selected support member is then co-extrud- 
ed at step 212 with a PTFE covering, and the PTFE cov- 
ering and the support member are longitudinally ex- 
panded together at step 21 3 to obtain an ePTFE cover- 
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ing over the support member wherein the plurality of 
second strain relief sections are not deformed during 
longitudinal expansion. The process for making the first 
200 and the second 210 preferred embodiments then 
share the common steps of helically winding either the 
PTFE covered support member with exposed strain re- 
lief sections or the ePTFE covered support member with 
unexposed strain relief sections about a tubular graft 
member at step 214 and sintering the resulting assem- 
bly under the presence of a circumferentially applied 
force to mechanically bond the covered support mem- 
ber to the tubular graft member. 
[0056] The process of making the third 220 and the 
fourth 230 preferred embodiments of the invention in- 
volve different processing of the support member. The 
process of making the third 220 embodiment of the in- 
tegrally structurally supported graft entails selecting a 
support member as in step 202 having at least two types 
of strain relief sections. The at least two types of strain 
relief sections include a plurality of first strain relief sec- 
tions having a degree of longitudinal deformability com- 
mensurate with the degree of longitudinal expansion to 
which the base structurally supported graft will be ex- 
posed, and a plurality of second strain relief sections 
having a degree of longitudinal deformability commen- 
surate with the degree of radial expansion to which the 
base structurally supported graft will be exposed. The 
selected support member is then co-extruded at step 
222 with the graft member. The graft member is either 
extruded as a tubular shape or as a planar shape, with 
the selected support member being co-extruded within 
the graft wall or within an integral, monolithic rib member 
which protrudes outward from the graft member, as de- 
scribed in International Application Publication Number 
WO 9510247, published April 20, 1995, which is com- 
monly assigned to the assignee of the present applica- 
tion and which is useful as describing a graft member 
and process for making a graft member suitable for co- 
extrusion with the structural support member made with 
the present invention. The resulting co-extrudate is then 
longitudinally expanded at step 224, in accordance with 
known method for longitudinally expanding poly- 
tetrafluoroethylene extrudates and may, optionally, be 
torsionally rotated at step 226 about its central axis to 
impart a helical winding to the support member and the 
wall of the graft member. The resulting co-extrudate is 
then sintered at step 208 while being longitudinally re- 
strained. 

[0057] The fourth embodiment 230 of the integrally 
structurally supported graft is made by first selecting a 
desired support member at step 202. Because the fourth 
embodiment 230 of the integrally structurally supported 
graft is an encapsulated variant, the support member 
need have only one type of strain relief section, i.e., one 
which will longitudinally expand to accommodate only 
radial expansion of the base graft member. It will be un- 
derstood, however, that different types of strain relief- 
sections may nonetheless be used. In accordance with 



the preferred method for making the fourth embodiment 
230 of the integrally structurally supported graft, at least 
two graft members made of PTFE are extruded at step 
232. The PTFE extrudates may be extruded as a tubular 
5 shape or may be extruded as a planar sheet of material. 
The PTFE extrudates are longitudinally expanded at 
step 234 in accordance with methods known in the art. 
The selected support member is then interdisposed be- 
tween a pair of opposing ePTFE extrudates, preferably 
unsintered, which are then brought into intimate contact 
with one another surrounding the selected support 
member. It will be understood, of course, that the use of 
more than one support member interdisposed between 
a pair of opposing ePTFE extrudates is also contemplat- 
ed by the present invention. Where unsintered tubular 
ePTFE extrudates are employed, it has been found de- 
sirable to mount a first unsintered tubular ePTFE extru- 
date onto a mandrel, circumferentially wrap the at least 
one support member, either as a helical wrap or as con- 
centric ring structures, about the first unsintered tubular 
ePTFE extrudate. The second unsintered tubular ePT- 
FE extrudate, preferably having a diameter greaterthan 
that of the first unsintered tubular ePTFE extrudate, is 
concentrically positioned over the first unsintered ePT- 
FE tubular extrudate and the at least one support mem- 
ber. It is preferable to provide a second unsintered eP- 
TFE tubular extrudate having an inner diameter which 
is greater than the outer diameter of the first unsintered 
ePTFE tubular extrudate in order to facilitate concentric 
joining of the first and second unsintered ePTFE tubular 
extrudates about the at least one support member. Cir- 
cumferential pressure is then applied at step 238 to 
compress the at least one support member between the 
first and second unsintered ePTFE tubular extrudates 
to enhance mechanical bonding at the contact surface 
between the first and second unsintered ePTFE tubular 
extrudates. Where planar ePTFE extrudates are ob- 
tained, it is preferable to wrap a first one of the planar 
ePTFE extrudates, in its unsintered condition, circum- 
ferentially about a mandrel, then apply the at least one 
support member circumferentially about the exposed 
surface of the wrapped first planar ePTFE extrudate, 
then wrap the second one of the planar ePTFE extru- 
dates about the first wrapped ePTFE extrudate and the 
at least one support member. It will be understood that 
when using planar ePTFE extrudates, it is desirable to 
provide an overlap seam to facilitate a complete circum- 
ferential closure of the graft member into a tubular con- 
figuration. The resulting assembly is then sintered at 
step 208 to obtain the integrally structurally supported 
graft capable of percutaneous delivery and co-incidental 
endoluminal radial expansion of the graft member and 
its integral support member. 

[0058] Those skilled in the art will appreciate that the 
present invention provides an improved graft in the form 
of a graft having an integral structural support, in which 
the integral structural support has a plurality of strain 
relief segments which, upon cumulative longitudinal de- 
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formation, delimit an upper limit of longitudinal and/or 
radial expansion of the graft itself. The present invention 
is particularly well-suited to any type of endoluminal ap- 
plication, such as widening occlusions, obstructions, 
strictures, or the like in anatomical passageways, such 5 
as the vasculature, biliary ducts, hepatic ducts, ureters, 
urethra, fallopian tubes, esophageal, or other similar an- 
atomical passageways, or to exclude aneurysms in ei- 
ther the central or peripheral vasculature. Furthermore, 
the present invention may also be used to create pas- 10 
sageways, such as shunts, between anatomical pas- 
sageways. 

Claims 15 

1 . A method for making a structurally supported graft 
having a tubular graft member (1 2) formed of a graft 
material, and comprising the steps of: 

20 

a) providing a structural support member (26) 
having a plurality of strain relief sections (30), 
the plurality of strain relief sections being capa- 
ble of a longitudinally oriented deformation rel- 
ative to the axis of the structural support mem- 25 
ber, while remaining sections of the structural 
support member remain substantially under- 
formed under the same conditions of strain re- 
lief section deformation thereby permitting lon- 
gitudinal expansion of the structural support 30 
member under the influence of a longitudinally 
oriented load; and 

b) co-extruding the structural support member 
with a covering material; and 

c) so attaching the structural support member 35 
to the tubular graft member (12) that the plural- 
ity of strain relief sections are capable of longi- 
tudinal expansion under the influence of a lon- 
gitudinally oriented load applied to the structur- 
al support member. 40 

2. A method according to claim 1, and including the 
steps of: 



3. A method as claimed in claim 1 or 2, wherein the 
covering material is PTFE and the graft material is 
PTFE. 55 

4. A method as claimed in any one of the preceding 
claims, wherein the step of attaching comprises the 



step of encapsulating the at least one structural 
support member between at least two concentrical- 
ly bound tubular graft members. 

5. Method according to any one of the preceding 
claims wherein the structural support member is a 
wire member (28, 46) having a longitudinal axis and 
a plurality of longitudinally deformable strain relief 
sections (30, 50, 52, 54) formed in the wire member 
and positioned in spaced apart relationship along 
the longitudinal axis of the wire member, the plural- 
ity of longitudinally deformable strain relief sections 
having different mechanical properties than remain- 
ing sections of the at least one structural support 
member which permit contemporaneous longitudi- 
nal deformation of the wire and diametric expansion 
of the tubular graft member. 

6. Method according to any one of the preceding 
claims, wherein said tubular graft member further 
comprises expanded polytetrafluou methylene. 

7. Method according to any one of the preceding 
claims, including selecting at least some of the plu- 
rality of strain relief sections such as to comprise 
barb-forming members (72) 

8. Method as claimed in claim 7, including the step of 
arranging the barb-forming members to project 
barb members (88) outwardly from a central axis of 
the support member upon diametric expansion of 
the tubular graft member. 

9. Method according to claim 8, wherein said barb- 
forming members (96) project away from the central 
longitudinal axis of the structural support member 
upon longitudinal deformation of the structural sup- 
port member during diametrical expansion of thetu- 
bular graft member. 

10. Method according to any one of the preceding 
claims, including selecting the plurality of strain re- 
lief sections so as to comprise a plurality of first (50) 
strain relief sections which permit longitudinal ex- 
pansion of the tubular graft member and a plurality 
of second (52) strain relief sections which permit di- 
ametric expansion of the tubular graft member. 

1 1 . Method as claimed in claim 10, wherein the plurality 
of first and second strain relief sections each com- 
prise longitudinal regions of the structural support 
member having differential moduli of elasticity. 

12. Method as claimed in claim 10 or 11, wherein the 
plurality of first strain relief sections further com- 
prise recessed sections which extend into the struc- 
tural support member substantially perpendicularto 
the longitudinal axis of the structural support mem- 
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a) providing at least one structural support 45 
member (26) having a plurality of longitudinally 
deformable strain relief sections (30); 

b) adhering the covered structural support 
member circumferentially about one of an ab- 
luminal or luminal surface of a tubular graft 50 
member (12). 
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ber and the plurality of second strain relief sections 
further comprise recessed sections which extend in 
a direction substantially perpendicular to the longi- 
tudinal axis of the structural support member and 
substantially perpendicular to the direction of the 
first strain relief sections. 

13. Method as claimed in any one of the preceding 
claims ; including the steps of covering the structural 
support member with non-longitudinally expanded 
polytetrafluouroethylene and exposing a plurality of 
the strain relief sections to leave them uncovered 
by the non-longitudinally expanded polytetrafluor- 
oethylene covering. 

14. Method as claimed in any one of the preceding 
claims, including the step of arranging for the struc- 
tural support member to be covered along its entire 
longitudinal axis by a longitudinally expanded poly- 
tetrafluo methylene covering. 

15. Method as claimed in any one of the preceding 
claims, including the steps of providing the tubular 
graft member with at least one of a plurality of lon- 
gitudinally extending rib structures projecting out- 
wardly from the exterior surface of the tubular mem- 
ber, the at least one of a plurality of longitudinally 
extending rib structures being an integral and mon- 
olithic part of the wall thickness of the tubular mem- 
ber, and co-extruding the structural support mem- 
ber within the at least one of a plurality of longitudi- 
nally extending rib structures. 

16. Method as claimed in any one of the preceding 
claims, including the step of co-extruding the struc- 
tural support member within the wall thickness of 
the tubular member. 

17. Method as claimed in any one of the preceding 
claims, further comprising the step of interdisposing 
between at least two microporous expanded poly- 
tetraf I uo methylene tubular graft members (124) the 
at least one of a plurality of support members, the 
at least two microporous expanded polytetrafluor- 
oethylene tubular graft members being in intimate 
contact with one another and substantially encap- 
sulating the at least one of a plurality of support 
members therebetween. 

18. Method as claimed in claim 17, further character- 
ised by the step of selecting the at least two micro- 
porous expanded polytetrafluoroethylene tubular 
graft members to have different porosity. 

19. Method as claimed in claim 17 or 18. further char- 
acterised by the step of selecting the at least two 
microporous expanded polytetrafluouroethylenetu- 
bular graft members to have node and fibril micro- 



structures with the fibril orientation of the two micro- 
porous expanded polytetrafluoroethylene graft 
members being oriented substantially perpendicu- 
lar to one another. 

5 

20. Method according to any one of the preceding 
claims, such as to produce an integrally structurally 
supported graft, comprising: 

10 an expanded polytetrafluoroethylene tubular 

graft member (12, 124), 
a beading (24) bound about one of an outer and 
inner surface of the tubular member; and 
at least one structural support member (26) at 
15 least partially retained within the beading, the 

at least one structural support member having 
a plurality of deformable strain relief sections 
(30) the plurality of deformable strain relief sec- 
tions having mechanical properties different 
20 from other sections of the at least one structural 

support member, the plurality of deformable 
strain relief sections being capable of longitu- 
dinally deforming under the influence of a lon- 
gitudinally oriented load thereby extending the 
25 longitudinal length of the at least one structural 

support member. 

21 . Method as claimed in claim 20, wherein the beading 
comprises one of expanded polytetrafluoroethylene 

30 and non-expanded polytetrafluoroethylene. 

22. Method as claimed in claim 20 or 21 , characterised 
by the step of selecting as the material of the at least 
one structural support member one of a ductile plas- 

35 tic and a ductile metal material. 

23. Method as claimed in any one of claims 20 to 22, 
including the step of binding the beading circumfer- 
entially to the outer su rface of the tubular graft mem- 

40 ber. 

24. Method as claimed in any one of claims 20 to 23, 
including the step of binding the beading integrally 
to at least one of an interior surface, and wall thick- 

45 ness of the tubular member. 

25. Method as claimed in any one of claims 20 to 24, 
including the step of weakening sections of the 
structural support member to create the plurality of 

50 strain relief sections. 

26. Method as claimed in any one of claims 20 to 25, 
including the step of uncovering a plurality of said 
strain relief sections. 

55 

27. Method as claimed in any of claims 20 to 26, includ- 
ing the step of co-extruding the structural support 
with a covering. 
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28. Method as claimed in any of claims 20 to 27 ; includ- 
ing the step of positioning the structural support 
member helically relative to the tubular graft mem- 
ber. 

29. Method as claimed in any of claims 20 to 28. includ- 
ing the step of co-extruding the structural support 
member and the tubular graft member. 



Patentanspruche 

1 . Verfahren zum Herstellen eines strukturell getrage- 
nen Transplantats, das ein aus einem Transplantat- 
material gebildetes, rohrenformiges Transplantat- 
element (12) besitzt und die Schritte aufweist: 

a) Bereitstellen eines strukturellen Tragele- 
ments (26), das eine Mehrzahl von Dehnungs- 
entlastungsabschnitten (30) besitzt, wobei die 
Mehrzahl von Dehnungsentlastungsabschnit- 
ten zu einer langsgerichteten Verformung in 
Bezug auf die Achse des strukturellen Tragele- 
ments in der Lage sind, wahrend die verblei- 
benden Abschnitte des strukturellen Tragele- 
ments im Wesentlichen unverformt unter den- 
selben Bedingungen der Verformung des Deh- 
nungsentlastungsabschnitts verbleiben, wo- 
durch eine Langsausdehnung des strukturellen 
Tragelements unter dem Einfluss einer langs- 
gerichteten Last ermoglicht wird, und 

b) Koextrudieren des strukturellen Tragele- 
ments mit einem Deckmaterial; und 

c) derartiges Anbringen des strukturellen Trag- 
elements an dem rohrenformigen Transplanta- 
telement (12), dass die Mehrzahl von Deh- 
nungsentlastungsabschnitten zu einer Langs- 
ausdehnung unter dem Einfluss einer langsge- 
richteten Last, die auf das strukturelle Tragele- 
ment aufgebracht wird, in der Lage sind. 

2. Verfahren nach Anspruch 1 , und mit den Schritten: 

a) Bereitstellen mindestens eines strukturellen 
Tragelements (26), das eine Mehrzahl von in 
Langsrichtung verformbaren Dehnungsentla- 
stungselementen (30) besitzt; 

b) Anhaften des bedeckten strukturellen Trag- 
elements in Umfangsrichtung um eine einer 
abluminalen oder luminalen Oberflache eines 
rohrenformigen Transplantatelements (12). 

3. Verfahren nach Anspruch 1 oder 2, wobei das Deck- 
material PTFE ist und dasTransplantatmaterial PT- 
FE ist. 
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4. Verfahren nach einem dervorhergehenden Anspru- 
che, wobei der Schritt des Anbringens den Schritt 
des Einkapselns des mindestens einen strukturel- 
len Tragelements zwischen mindestens zwei kon- 
zentrisch verbundenen, rohrenformigen Transplan- 
tatelementen aufweist. 

5. Verfahren nach einem dervorhergehenden Ansprii- 
che, wobei das strukturelle Tragelement ein Draht- 
element (28, 46) ist, das eine Langsachse und eine 
Mehrzahl von in Langsrichtung verformbaren Deh- 
nungsentlastungsabschnitten (30, 50, 52, 54) be- 
sitzt, die in dem Drahtelement gebildet und in be- 
abstandeter Beziehung entlang der Langsachse 
des Drahtelements positioniert sind, wobei die 
Mehrzahl der in Langsrichtung verformbaren Deh- 
nungsentlastungsabschnitte andere mechanische 
Eigenschaften als verbleibende Abschnitte des 
mindestens einen strukturellen Tragelements besit- 
zen, die eine gleichzeitige Langsverformung des 
Drahts und Durchmesserausdehnung des rohren- 
formigen Transplantatelements erlauben. 

6. Verfahren nach einem dervorhergehenden Anspru- 
che, wobei das rohrenformigeTransplantatelement 
ferner expandiertes Polytetrafluorethylen aufweist. 

7. Verfahren nach einem dervorhergehenden Anspru- 
che, das ein Auswahlen zumindest einiger der 
Mehrzahl von Dehnungsentlastungsabschnitten 
derart einschlieBt, um stachelbildende Element 
(72) aufzuweisen. 

8. Verfahren nach Anspruch 7, das den Schritt des An- 
ordnens der stachelbildenden Elemente derart auf- 
weist, dass Stachelelemente (88) von einer zentra- 
len Achse des Tragelements bei Durchmesseraus- 
dehnung des rohrenformigen Transplantatele- 
ments nach auBen hervorstehen. 

9. Verfahren nach Anspruch 8, wobei die stachelbil- 
denden Elemente (96) von derzentralen Langsach- 
se des strukturellen Tragelements bei einer Langs- 
verformung des strukturellen Tragelements wah- 
rend einer Durchmesserausdehnung des rohren- 
formigen Transplantatelements wegstehen. 

1 0. Verfahren nach einem dervorhergehenden Anspru- 
che, das ein Auswahlen der Mehrzahl der Deh- 
nungsentlastungsabschnitte derart einschlieRt, um 
eine Mehrzahl von ersten (50) Dehnungsentla- 
stungsabschnitten, welche eine Langsausdehnung 
des rohrenformigen Transplantatelements erlau- 
ben, und eine Mehrzahl zweiter (52) Dehnungsent- 
lastungsabschnitten, die eine Durchmesseraus- 
dehnung des rohrenformigen Transplantatele- 
ments ermoglichen, aufzuweisen. 
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11. Verfahren nach Anspruch 10, wobei die Mehrzahl 
erster und zweiter Dehnungsentlastungsabschnitte 
jeweils Langsregionen des strukturellen Tragele- 
ments aufweisen, die unterschiedliche Elastizitats- 
module besitzen. 5 

12. Verfahren nach Anspruch 10 oder 11, wobei die 
Mehrzahl erster Dehnungsentlastungsabschnitte 
ferner vertiefte Abschnitte aufweisen, die sich in 
das strukturelle Tragelement im Wesentlichen 10 
senkrecht zu der Langsachse des strukturellen Tra- 
gelements erstrecken, und die Mehrzahl zweiter 
Dehnungsentlastungsabschnitte umfassen ferner 
vertiefte Abschnitte, die sich in einer Richtung im 
Wesentlichen senkrecht zu der Langsachse des 15 
strukturellen Tragelements und im Wesentlichen 
senkrecht zu der Richtung der ersten Dehnungs- 
entlastu ngsabsch n itte erstrecken . 

13. Verfahren nach einem dervorhergehenden Ansprii- 20 
che, das die Schritte des Bedeckens des strukturel- 
len Tragelements mit nicht in Langsrichtung expan- 
diertem Polytetrafluorethylen und ein Freilegen ei- 
ner Mehrzahl der Dehnungsentlastungsschritte, urn 
diese unbedecktvon der nicht in Langsrichtung ex- 25 
pandierten Polytetrafluorethylenbedeckung zu las- 
sen, aufweist. 

1 4. Verfahren nach einem dervorhergehenden Anspru- 
che, das den Schritt des Anordnens des strukturel- 30 
len Tragelements derart aufweist, dass dieses ent- 
lang seiner gesamten Langsachse durch eine in 
Langsrichtung expandierte Polytetrafluorethylen- 
abdeckung bedeckt ist. 

35 

1 5. Verfahren nach einem dervorhergehenden Anspru- 
che, das die Schritte des Ausstattens des rohren- 
formigen Transplantatelements mit mindestens ei- 
ner einer Mehrzahl sich in Langsrichtung erstrek- 
kenden Rippenstrukturen aufweist, die nach auBen 40 
von der AuBenflache des rohrenformigen Elements 
hervorstehen, wobei die mindestens eine einer 
Mehrzahl von sich in Langsrichtung erstreckenden 
Rippenstrukturen ein integraler und monolitischer 
Teil der Wanddicke des rohrenformigen Elements 45 
ist, und den Schritt des Koextrudierens des struktu- 
rellen Tragelements innerhalb der mindestens ei- 
nen einer Mehrzahl von sich in Langsrichtung er- 
streckenden Rippenstrukturen aufweist. 

50 

1 6. Verfahren nach einem dervorhergehenden Ansprii- 
che, das den Schritt des Koextrudierens des struk- 
turellen Tragelements innerhalb der Wanddicke des 
rohrenformigen Elements aufweist. 

55 

1 7. Verfahren nach einem dervorhergehenden Anspru- 
che, ferner mit dem Schritt des Einlegens des min- 
destens einen einer Mehrzahl von Tragelementen 



zwischen mindestens zwei mikroporosen rohren- 
formigen, expandierten Polytetrafluorethylen- 
Transplantatelementen (124), wobei die minde- 
stens zwei mikroporosen, rohrenformigen, expan- 
dierten Polytetrafluorethylen-Transplantatelemen- 
te in engem Kontakt miteinander sind und das min- 
destens eine einer Mehrzahl von Tragelementen 
dazwischen im Wesentlichen einkapseln. 

18. Verfahren nach Anspruch 17, ferner gekennzeich- 
net durch den Schritt des Auswahlens der minde- 
stens zwei mikroporosen, rohrenformigen, expan- 
dierten Polytetrafluorethylen-Transplantatelemen- 
ten derart, dass sie unterschiedliche Porositaten 
besitzen. 

19. Verfahren nach Anspruch 17 oder 18, ferner ge- 
kennzeichnet durch den Schritt des Auswahlens 
der mindestens zwei mikroporosen, rohrenformi- 
gen, expandierten Polytetrafluorethylen -Transplan- 
tatelemente derart, dass sie Knoten- und Fibrillen- 
mikrostrukturen besitzen, wobei die Fibrillenaus- 
richtung der zwei mikroporosen, expandierten Po- 
lytetrafluorethylen -Transp I antatelemente im We- 
sentlichen senkrecht zueinander ausgerichtet ist. 

20. Verfahren nach einem dervorhergehenden Anspru- 
che, urn ein integral strukturell getragenes Trans- 
plantatzu erzeugen, umfassend: 

ein rohrenformiges, expandiertes Polytetraf- 
luorethylen-Transplantatelement (12, 124), 

einen Wulst (24), der urn eine einer auBeren 
und einer inneren Oberflache des rohrenformi- 
gen Elements gebunden ist; und 

mindestens ein strukturelles Tragelement (26), 
das zumindest teilweise innerhalb des Wulstes 
gehalten ist, wobei das mindestens eine struk- 
turelle Tragelement eine Mehrzahl verformba- 
rer Dehnungsentlastungsabschnitte (30) be- 
sitzt. wobei die Mehrzahl verformbarer Deh- 
nungsentlastungsabschnitte mechanische Ei- 
genschaften besitzen, die von anderen Ab- 
schnitten des mindestens einen strukturellen 
Tragelements unterschiedlich sind, wobei die 
Mehrzahl verformbarer Dehnungsentlastungs- 
abschnitte in der Lage sind, sich in Langsrich- 
tung unter dem Einfluss einer langsgerichteten 
Last zu verformen, wodurch die Lange in 
Langsrichtung des mindestens einen struktu- 
rellen Tragelements ausgedehnt wird. 

21. Verfahren nach Anspruch 20, wobei der Wulst ex- 
pandiertes Polytetrafluorethylen oder nicht expan- 
diertes Polytetrafluorethylen aufweist. 
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tions de deformation des trongons de relache- 
ment de contraintes, permettant ainsi une dila- 
tation longitudinale de I'element de support 
structurel sous I'influence d'une force orientee 
longitudinalement ; et 

b) de coextrusion de I'element de support struc- 
turel et d'un materiau de couverture ; et 

c) de fixation de I'element de support structurel 
sur I'element d'implant tubulaire (12) de facon 
a ce que la pluralite de troneons de relache- 
ment de contraintes soit apte a se dilater longi- 
tudinalement sous I'influence d'une force orien- 
tee longitudinalement appliquee a I'element de 
support structurel. 

Procede selon la revendication 1, comportant les 
etapes : 



22. Verfahren nach Anspruch 20 oder 21, gekenn- 
zeichnet durch den Schritt des Auswahlens aus 
Material des mindestens einen strukturellen Trage- 
lements eines duktilen Kunststoffs oder eines duk- 
tilen Metall materials. 5 

23. Verfahren nach einem der Anspruche 20 bis 22, das 
den Schritt des Bindens des Wulstes in Umfangs- 
richtung an die auBere Oberflache des rohrenformi- 
gen Transplantatelements aufweist. 10 

24. Verfahren nach einem der Anspruche 20 bis 23, das 
den Schritt des Bindens des Wulstes integral an 
mindestens eine einer inneren Oberflache und ei- 

ner Wanddicke des rohrenformigen Elements auf- 15 
weist. 

25. Verfahren nach einem der Anspruche 20 bis 24, das 
den Schritt des Aufweichens von Abschnitten des 
strukturellen Tragelements aufweist, urn die Mehr- 20 
zahl von Dehnungsentlastungsabschnitten zu er- 
zeugen. 

26. Verfahren nach einem der Anspruche 20 bis 25, das 
den Schritt des Freilegens einer Mehrzahl der Deh- 25 
nungsentlastungsabschnitte aufweist. 



27. Verfahren nach einem der Anspruche 20 bis 26, das 
den Schritt des Koextrudierens des strukturellen 
Tragers mit einer Abdeckung aufweist. 

28. Verfahren nach einem der Anspruche 20 bis 27, das 
den Schritt des Positionierens des strukturellen Tra- 
gelements schraubenformig in Bezug zu dem roh- 
renformigen Transplantatelement aufweist. 

29. Verfahren nach einem der Anspruche 20 bis 28, das 
den Schritt des Koextrudierens des strukturellen 
Tragelements und des rohrenformigen Transplan- 
tatelements aufweist. 



Revendications 

1 . Procede de fabrication d'un implant supporte struc- 
turellement, comportant un element d'implant tubu- 
laire (12) constitue en un materiau pour implant, et 
comportant les etapes : 

a) de fourniture d'un element de support struc- 
turel (26) ayant une pluralite de trongons de re- 
lachement de contraintes (30), la pluralite de 
trongons de relachement de contraintes etant 
apte a se deformer selon une orientation longi- 
tudinale par rapport a I'axe de I'element de sup- 
port structurel, alors que les autres trongons de 
I'element de support structurel restent sensi- 
blement non deformes sous les memes condi- 



a) de fourniture d'au moins un element de sup- 
port structurel (26) ayant une pluralite de tron- 
gons de relachement de contraintes deforma- 
bles longitudinalement (30) ; 

b) d'adhesion de I'element de support structurel 
revetu sur la circonference d'une surface ablu- 
minale ou luminale d'un element d'implant tu- 
bulaire (12). 

3. Procede selon la revendication 1 ou 2, dans lequel 
le materiau de couverture est du PTFE et le mate- 
so riau pour implant est du PTFE. 

4. Procedeselon I'une quelconquedes revendications 
precedentes, dans lequel I'etape de fixation com- 
prend une etape d'encapsulation du au moins un 

35 element de support structurel entre au moins deux 
elements d'implant tubulaires lies concentrique- 
ment. 

5. Procedeselon I'une quelconquedes revendications 
40 precedentes, dans lequel I'element de support 

structurel est un element filaire (28, 46) ayant un 
axe longitudinal et une pluralite de trongons de re- 
lachement de contraintes deformables longitudina- 
lement (30, 50, 52, 54) formes dans I'element filaire 
45 et position nes de fagon espacee les uns des autres 
le long de I'axe longitudinal de I'element filaire, la 
pluralite de trongons de relachement de contraintes 
deformables longitudinalement ayant des proprie- 
tes mecaniques differentes de celles des autres 
50 trongons du au moins un element de support struc- 
turel qui permettent, en meme temps, une deforma- 
tion longitudinale du fil et une dilatation en diametre 
de I'element d'implant tubulaire. 

55 6. Procedeselon I'une quelconquedes revendications 
precedentes, dans lequel ledit element d'implant tu- 
bulaire comprend en outre du p olytetraf I uoro ethy- 
lene expanse. 



45 



17 



33 



EP0 868 154 B1 



34 



7. Precede selon Tune quelconque des revendications 
precedentes, comprenant la selection d'au moins 
certains de la pluralite de trongons de relachement 
de contraintes pour comprendre des elements de 
formation de barbe (72). 

8. Procede selon la revendication 7, comprenant une 
etape d'agencement des elements de formation de 
barbe pourfaire saillir des elements de barbe (88) 
vers I'exterieur depuis un axe central de I'element 
de support lors d'une dilatation en diametre de I'ele- 
ment d'implant tubulaire. 

9. Procede selon la revendication 8, dans lequel les- 
dits elements de formation de barbe (96) font saillie 
en s'ecartant de I'axe longitudinal central de I'ele- 
ment de support structurel lors d'une deformation 
longitudinale de I'element de support structurel au 
cours de la dilatation en diametre de I'element d'im- 
plant tubulaire. 

10. Procede selon Tune quelconque des revendications 
precedentes, comprenant la selection de la pluralite 
de troncons de relachement de contraintes pour 
comprendre une pluralite de premiers trongons de 
relachement de contraintes (50) qui permettent une 
dilatation longitudinale de I'element d'implant tubu- 
laire et une pluralite de seconds trongons de rela- 
chement de contraintes (52) qui permettent une di- 
latation en diametre de I'element d'implant tubulai- 
re. 

11. Procede selon la revendication 10, dans lequel la 
pluralite de premiers et de seconds trongons de re- 
lachement de contraintes comprennent chacune 
des regions longitudinales de I'element de support 
structurel ayant des modules d'elasticite differents. 

12. Procede selon la revendication 10 ou 11 , dans le- 
quel la pluralite de premiers trongons de relache- 
ment de contraintes comprend en outre des tron- 
gons en retrait qui s'etendent dans I'element de sup- 
port structurel dans une direction sensiblement per- 
pendiculaire a I'axe longitudinal de I'element de 
support structurel, et la pluralite de seconds tron- 
gons de relachement de contraintes comprend en 
outre des trongons en retrait qui s'etendent dans 
une direction sensiblement perpendiculaire a I'axe 
longitudinal de I'element de support structurel et 
sensiblement perpendicu laire a la direction des pre- 
miers trongons de relachement de contraintes. 

1 3. Procede selon Tune quelconque des revendications 
precedentes, comprenant les etapes de revetement 
de I'element de support structurel avec un polyte- 
trafluoro ethylene non longitudinalement expanse et 
d'exposition d'une pluralite de trongons de relache- 
ment de contraintes pour les laisser non revetus du 



revetement de polytetrafluoroethylene non longitu- 
dinalement expanse. 

14. Procedeselon I'une quelconque des revendications 
5 precedentes, comprenant une etape ou on fait en 

sorte que I'element de support structurel soit revetu 
sur la totalite de son axe longitudinal d'un revete- 
ment de polytetrafluoroethylene longitudinalement 
expanse. 

10 

15. Procedeselon I'une quelconquedes revendications 
precedentes, comprenant les etapes suivantes: do- 
ter I'element d'implant tubulaire d'au moins une 
d'une pluralite de structures formant nervures Ion- 
's gitudinales en saillie vers I'exterieur depuis la sur- 
face exterieure de I'element tubulaire. la au moins 
une d'une pluralite de structures formant nervures 
longitudinales etant une partie integrante et mono- 
lithique de I'epaisseur de la paroi de I'element tubu- 

20 laire; et coextruder I'element de support structurel 
au sein de la au moins une d'une pluralite de struc- 
tures formant nervures longitudinales. 

16. Procedeselon I'une quelconque des revendications 
25 precedentes, comprenant une etape decoextrusion 

de I'element de support structurel dans I'epaisseur 
de la paroi de I'element tubulaire. 

17. Procedeselon I'une quelconque des revendications 
30 precedentes, comprenant en outre une etape d'in- 

terposition entre au moins deux elements d'implant 
tubulaires en polytetrafluoroethylene expanse mi- 
croporeux (1 24) le au moins un d'une pluralite d'ele- 
ments de support, les au moins deux elements d'im- 
35 plant tubulaires en polytetrafluoroethylene expanse 
microporeux etant en contact intime I'un avec I'autre 
et encapsulant sensiblement entre eux le au moins 
un d'une pluralite d'elements de support. 

40 18. Procede selon la revendication 17, caracterise en 
outre par une etape de selection des au moins 
deuxelementsd'implanttubulairesen polytetrafluo- 
roethylene expanse microporeux pour qu'ils aient 
des porosites differentes. 

45 

19. Procedeselon la revendication 17 ou 18, caracte- 
rise en outre par une etape de selection des au 
moins deux elements d'implant tubulaires en poly- 
tetrafluoroethylene expanse microporeux pour 

50 qu'ils aient des microstructures de noeuds et de fi- 
brilles, les fibrilles des deux elements d'implant tu- 
bulaires en polytetrafluoroethylene expanse micro- 
poreux etant orientees sensiblement perpendiculai- 
rement entre el les. 

55 

20. Procedeselon I'une quelconque des revendications 
precedentes, propre a produire un implant integral 
supporte structurellement, comprenant : 



15 



35 



40 



45 



50 



18 



35 



EP0 868 154 B1 



36 



un element d'implanttubulaire en polytetrafluo- 
roethylene expanse (12, 124); 
un bourrelet (24) lie autour de Tune des surfa- 
ces exterieure et interieure de I'element 
tubulaire ; et 

au moins un element de support structurel (26) 
au moins partiellement retenu au sein du bour- 
relet, le au moins un element de support struc- 
turel ayant une plurality de trongons de relache- 
mentde contraintes deformables (30), la plura- 
lity de trongons de relachement de contraintes 
deformables ayant des proprietes mecaniques 
differentes de celles des autres trongons du au 
moins un element de support structurel, la plu- 
rality de trongons de relachement de contrain- 
tes deformables etant apte a se deformer lon- 
gitudinalement sous I'influence d'une force 
orientee longitudinalement, allongeant ainsi 
longitudinalement le au moins un element de 
support structurel. 

21. Procede selon la revendication 20, dans lequel le 
bourrelet comprend un materiau parmi le polytetra- 
fluoroethylene expanse et le polytetrafluoroethyle- 
ne non expanse. 

22. Procede selon la revendication 20 ou 21 , caracte- 
rise par une etape de selection comme materiau 
du au moins un element de support structurel d'un 
materiau parmi un plastique ductile et un metal duc- 
tile. 

23. Procede selon Tune quelconque des revendications 
20 a 22, comprenant une etape ou on lie le bourrelet 
circonferentiellement a la surface exterieure de 
I'element d'implant tubulaire. 

24. Procede selon Tune quelconque des revendications 
20 a 23, comprenant une etape ou on lie le bourrelet 
comme partie integrante d'au moins une parmi une 
surface interieure et une epaisseur de la paroi de 
I'element tubulaire. 

25. Procede selon I'une quelconque des revendications 
20 a 24, comprenant une etape d'affaiblissement de 
trongons de I'element de support structurel pour 
creer la plurality de trongons de relachement de 
contraintes. 

26. Procede selon I'une quelconque des revendications 
20 a 25 ; comprenant etape de denudage d'une plu- 
rality desdits trongons de relachement de contrain- 
tes. 

27. Procede selon I'une quelconque des revendications 
20 a 26, comprenant une etape de coextrusion du 
support structurel avec un revetement. 



28. Procedeselon I'une quelconquedes revendications 
20 a 27, comprenant une etape de positionnement 
de I'element de support structurel en helice par rap- 
port a I'element d'implant tubulaire. 

29. Procedeselon I'une quelconque des revendications 
20 a 28, comprenant une etape de coextrusion de 
I'element de support structurel et de I'element d'im- 
plant tubulaire. 
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